Severe nonsuppurative meningoencephalitis associated with Aleutian mink disease parvovirus (ADV) infection was observed in adult ranch mink. Brain lesions included severe, locally extensive to coalescing lymphoplasmacytic meningoencephalitis with accompanying gliosis, satellitosis, and mild extension of inflammation into the leptomeninges. ADV was identified in mesenteric lymph node, spleen, brain, and liver of affected mink by polymerase chain reaction techniques. Sequences of the ADV isolate (TH5) revealed 2 unique residues in the region of the viral genome that determines pathogenicity. These findings suggest that certain strains of ADV may preferentially cause disease in the nervous system. ADV infection should be considered in the differential diagnosis of neurologic disorders in mink.
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Abstract. Severe nonsuppurative meningoencephalitis associated with Aleutian mink disease parvovirus (ADV) infection was observed in adult ranch mink. Brain lesions included severe, locally extensive to coalescing lymphoplasmacytic meningoencephalitis with accompanying gliosis, satellitosis, and mild extension of inflammation into the leptomeninges. ADV was identified in mesenteric lymph node, spleen, brain, and liver of affected mink by polymerase chain reaction techniques. Sequences of the ADV isolate (TH5) revealed 2 unique residues in the region of the viral genome that determines pathogenicity. These findings suggest that certain strains of ADV may preferentially cause disease in the nervous system. ADV infection should be considered in the differential diagnosis of neurologic disorders in mink.
Causes of nonsuppurative meningoencephalitis in mink (Mustela vison) include Encephalitozoon spp., Toxoplasma gondii, a Sarcocystis neurona-like protozoan, Newcastle disease virus (NDV), pseudorabies virus (PRV), canine distemper virus (CDV), and, although not reported but still a consideration, rabies virus (RV). 4, 7, 9, 11, 17, 23 Aleutian mink disease parvovirus (ADV) infection in adult animals is associated with glomerulonephritis, interstitial nephritis, disseminated plasmacytosis and polyarteritis, plasma cell hepatitis with bile duct proliferation, uveitis, and hyperplastic intrapulmonary lymphoid tissue. 3, 8, 12, 15, 18, 19 Infection of newborn mink kits results in acute interstitial pneumonia. 2, 3 Nonsuppurative encephalomyelitis has been reported in ferrets seropositive for ADV. 21, 24 Idiopathic nonsuppurative meningoencephalitis in ranch mink and lymphoplasmacytic meningitis, arteritis, and periarteritis in mink seropositive for ADV have been described; however, severe meningoencephalitis associated with tissues from which ADV DNA has been identified has not been reported. 10, 14, 22 Here, we report a naturally occurring outbreak of ADV in ranch mink that was associated with severe nonsuppurative meningoencephalitis.
In January 1998, 4 adult mink carcasses with clinical histories of anorexia, dyspnea, tremors, and ataxia were submitted to the North Dakota State University Veterinary Diagnostic Laboratory (NDSU-VDL) by a Wisconsin producer. In fall 1997, 1,200 animals on the ranch were tested for antibody to ADV by the counterimmunoelectrophoresis (CIEP) method and had shown a seroconversion rate of 80% over the previous 3-month period. 6 Approximately 10% of the affected mink, primarily mahogany and dark color varieties, died with signs of central nervous system disease characterized by incoordination, hind limb paresis, and seizures. Death occurred in some animals as long as 3 weeks after the onset of clinical signs. All mink on the ranch had been vaccinated for CDV, mink enteritis virus, and botulism.
Neighboring mink ranches using the same feed had no such problems.
Gross lesions included moderate, diffuse congestion of lungs and livers in all animals. Tissues from various organs were collected, fixed in 10% neutral buffered formalin, and routinely processed for hematoxylin and eosin (HE) staining. Microscopic examination revealed lesions typical of ADV infection, including mild to moderate multifocal plasmacytic infiltrates in the renal interstitium, around pulmonary bronchioles, and in hepatic portal triads. There was marked involvement of the central nervous system. Sections of hippocampus, cerebellum, and cerebral cortex showed severe, locally extensive to coalescing infiltration of both gray and white matter with large numbers of Gitter cells, lymphocytes, plasma cells, and rare neutrophils. The Virchow-Robin spaces of nearly all blood vessels were filled with lymphocytes and plasma from 1 to 10 cell layers thick (Fig. 1) . Rare Russell bodies were present in the perivascular cuffs. Neurons within affected areas showed satellitosis, cytoplasmic hypereosinophilia, perineuronal vacuolation, and rounding of cell bodies (Fig. 2) . Moderate, locally extensive astrocytosis was present. There was mild extension of the inflammatory infiltrate into the leptomeninges. Some affected blood vessels showed endothelial cell swelling and mild fibrinoid necrosis.
Bacterial culture of brain tissue from all animals yielded low numbers of a mixed population of contaminants. Fluorescent antibody (FA) and virus isolation (VI) tests performed on brain tissue were negative for PRV, CDV, and RV. Immunohistochemical stains for NDV, T. gondii, Listeria monocytogenes, and Neospora caninum were negative.
An additional mink carcass was submitted to the NDSU-VDL in early February 1998 from the same producer. Clinical signs in this animal were anorexia of 3 days duration prior to its death. Gross examination was unremarkable. Microscopic examination of these tissues revealed lesions similar to those seen in the previously submitted mink, although the meningoencephalitis was less severe. Bacterial culture of brain tissue yielded a single Staphylococcus colony. FA and VI tests were negative for PRV, CDV, and RV. ADV DNA was identified in mesenteric lymph node, spleen, brain, and liver by using polymerase chain reaction (PCR) on samples prepared from these tissues. The PCR procedure was performed at Rocky Mountain Labs using primers and cycling conditions exactly as previously described. 20 Three additional adult mink (1 pastel color phase and 2 mahogany) with clinical histories of rear limb paresis, seizures, and anorexia were submitted from the same producer in March 1998. No gross lesions were observed in these animals. The presence of ADV DNA was identified in a pooled sample of kidney, liver, mesenteric lymph node, spleen, and brain by performing PCR as noted above.
Serum samples from 8 additional mink from this same ranch were examined for the presence of ADV viremia using PCR. Seven of these 8 mink exhibited signs of nervous system disease, and the remaining animal was described as ''off feed'' but otherwise asymptomatic. The 7 symptomatic animals had ADV titers of greater than 1:1,024 by CIEP assay and 6 were PCR positive. The animal that was ''off feed'' was negative by both CIEP and PCR.
Using the serum from one of these 8 mink as starting material, ADV DNA was amplified using PCR. The amplified ADV DNA was sequenced, and sequence corresponding to all but approximately the 150 5Ј nucleotides of the VP2 capsid protein gene was obtained. When the translated capsid sequence of the virus isolate, designated ADV-TH5, was compared with that of other ADV isolates, including the nonpathogenic ADV-G, there were 13 divergent residues in the 595-amino-acid sequence (Fig. 3 ). 20 Of these 13 residues, 8 were shared by other pathogenic isolates. The hypervari-able region (amino acids 230-244) of the ADV-TH5 differed only by a single amino acid from that of ADV-G and of ADV-TR, which was implicated in a severe, extensive recent outbreak of ADV in Utah where encephalitis was not a feature. Two of the 4 divergent residues unique to ADV-TH5 were at positions 452 and 623 in a region of the viral genome that determines host range and pathogenicity. 5 The other 2 changes at positions 144 and 145 were in a part of the capsid gene that has not been associated with pathogenicity determinants. 5 Severe nonsuppurative meningoencephalitis is not a lesion previously identified with ADV infections in mink. Classical ADV infections typically involve plasmacytic infiltration of multiple organs with immune complex glomerulonephritis. Depending upon antibody status, newborn kits may develop acute interstitial pneumonia. 2, 3 This variability in lesion location and intensity appears to be at least in part dependent upon factors such as age, color variety, immune status of the host, and strain of the virus. 13 The interstitial pneumonia in kits may show wide variability in mortality and lesion development dependent upon the strain of ADV encountered. 3 Nervous system disease associated with ADV also may be the result of similar or as yet undefined host factors.
Pathogenicity of ADV has been suggested to be determined by the capsid proteins. 1, 5, 20 The capsid sequence of the virus identified in this outbreak, ADV-TH5, showed several amino acid differences from other characterized pathogenic ADV isolates. These few differences may endow ADV-TH5 with the ability to produce more severe disease in the central nervous system. Experimental inoculations with ADV-TH5 will be necessary to address this possibility.
